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© Method of manufacturing cold-rolled can steel sheet having less planar anisotropy and good 
workability. 



^ © A method of manufacturing a cold-rolled can steel sheet having less planar anisotropy and achieving good 
^ workability. Rough-rolling is first performed on a continuously-cast slab. The slab has a composition essentially 
0) consisting of: C: 0.004wt% or lower; Mn: 0.05 - 0.5wt%; P: 0.02wt% or lower; Al: 0.005 - 0.07wt%; N: 0.004wt% 
00 or lower; and Nb: 0.001 - 0.0l8wt%, the rest being Fe and unavoidable impurities. A resultant sheet bar is then 
00 subjected to h ot rollin g, which is completed at a finishing rolling temperature at^acuArj transformation point or 

higher. The resultant sheet bar i s poiled at a temperature range from 450 • 700 *C. Subsequently, the resultant 
LO sheet bar undergoes primary cold rolling before continuou s, anneal ing, which is performed at a recry s tall ization 

temperature or higher, and secondary cold rolling. The primary and secondary cold rolling are respectively 
O performed at reduction ratios satisfying the following conditions of: 

A 

JJj 88% £ CRi% +0.36xCR 2 £ 105% 
wherein 
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CRi : reduction ratio of the primary cold rolling 
CR2: reduction ratio of the secondary cold rolling 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a method of manufacturing a can steel sheet used for a tinplate, tin-free 

steel, and the like. More particularly, the invention relates to a method of manufacturing a can steel sheet 
which has good ironing workability and has a small amount of earing produced during working. 

Description of the Related Art 

10 

Conventionally, there are two types of methods for manufacturing a sheet of a cold-rolled steel sheet to 
be used for a tinplate, a tin-free steel sheet, or the like, 

a. In one method, acid pickling and cold rolling are performed after hot rolling, being then followed by 
recrystallization annealing. Subsequently, the resultant sheet is finished by performing temper-rolling at a 

75 low reduction pressure of 3% or lower. 

b. In the other method, recrystallization annealing is performed after primary cold rolling. Then, the 
original sheet is finished by performing secondary cold rolling at a high reduction ratio of 50% or lower. 

The materials obtained by these methods are generally referred to as DR (Double Reduce) materials. 

The resultant cold-rolled can steel sheets are further worked into food or beverage cans, which can be 
20 generally divided into two-piece cans and three-piece cans according to the working process employed. 

Two-piece cans have good properties as cans, and can be manufactured with high efficiency. This has 
developed an increase in the adoption of working processes by which two-piece cans are manufactured. 

However, two-piece cans, such as Dl cans (Drawn and Ironed cans), DTR cans (Draw and Thin 
Redrawn cans), and the like, present a problem in that an increase in the amount of earing produced may 
25 lead to a yield reduction. In particular, for Dl cans, troubles due to the breaking of earing, or the like, during 
can making, significantly lowers production efficiency. Accordingly, there is a demand for steel sheets which 
produce a small amount of earing during working. Also, along with the gaugedown (downsizing) of the steel 
sheets with a view to achieving a cost reduction, there has developed an increase in the demand for even 
better deep drawing characteristics than before. Deep drawing characteristics are evaluated by the Lankford 
30 value (r value). The greater the average r value, the better the deep drawing characteristics, and the closer 
the planar anisotropy (Ar) of the r value approaches 0, the smaller the amount of earing produced. Two- 
piece can steel sheets which possess the above-mentioned features have good characteristics for the 
intended use. 

The steel sheets and steel coils for use in manufacturing cans are required to have as a quality 
35 characteristic, a uniformity of Ar which determines the configuration of cans, in order to ensure a high can 
production efficiency. That is, such steel sheets and steel coils are required to achieve a uniform small 
value of Ar over the entire inside of the sheets in order to be finished into a predetermined configuration of 
cans. In order to meet this requirement, defective portions of the resultant sheets are cut away before they 
are used to produce cans. 

40 Although many proposals have been made for a method of manufacturing a can steel sheet, no 
proposal meets all the requirements described above. 

For example, Japanese Patent Publications Nos. 60-45690 and 3-41529 disclose a method for 
manufacturing a can steel sheet having less planar anisotropy (Ar). 

Japanese Patent Publication No. 60-45690 discloses the following process. A continuously- cast steel 

45 strip is used as a material. It has a composition essentially consisting of: C: 0.1 wt% or lower, Si: 0.06wt% or 
lower, Mn: 0.5wt% or lower, P: 0.03wt% or lower, S: 0.03% or lower, Al: 0.15wt% or lower, N: 0.008wt% or 
lower, and the rest being Fe and unavoidable impurities. The steel strip is worked to be a hot-rolled steel 
coil at a heating furnace extraction temperature of from 1100 to 1200°C, at a hot-rolling finishing 
temperature of the Ar 3 transformation point or higher, and at a coiling temperature of from 580 to 730 °C. 

so Then, after the resultant hot-rotled steel coil undergoes acid pickling, primary cold rolling is performed at a 
reduction ratio of from 80 to 95%, being then followed by recrystallization annealing. Subsequently, 
secondary cold rolling is performed at a reduction ratio of from 10 to 30%. Japanese Patent Publication No. 
3-41529 discloses the following process. A continuous cast steel strip is used as a material. It has a 
composition essentially consisting of: C: 0.1 wt% or lower, Si: 0.06wt% or lower, Mn: 0.5wt% or lower, P: 

55 0.03wt% or lower, S: 0.03% or lower, Al: 0.15wt% or lower, N: 0.008wt% or lower, and the rest being Fe 
and unavoidable impurities. The steel strip is subjected to hot-rolling at a hot-rolling finishing temperature of 
from 830 to 900 *C and a coiling temperature of from 580 to 730 *C. Then, primary cold rolling is performed 
subsequent to acid pickling, being then followed by secondary cold rolling. According to this process, 
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adjustments are made so that the reduction ratio n% of the primary cold rolling and the reduction ratio r 2 % 
of the secondary cold rolling satisfy the conditions of: 60£n£79.9, and -0.92n + 8l£r 2 3-0.75n +98. 

However, the prior art methods present certain problems. Since steel sheets obtained by those methods 
have a less planar anisotropy Ar, they have a small amount of earing produced during deep drawing. 

5 However, they have poor deep drawing workability, thus making it difficult to achieve the gaugedown 
(downsizing) of the steel sheets. Also, the sheet materials have a comparatively high content of C, which 
causes the cohesion of carbides after coiling, thereby making the steel sheets vulnerable to a temperature 
change within the coil. The distortion of carbides during cold rolling significantly depends upon the state in 
which the carbides are precipitated, thus significantly varying the planar anisotropy Ar. In order to overcome 

w such a drawback, a considerable amount of the coil needs to be cut away in order to ensure the planar 
anisotropy Ar within the coil, thereby resulting in a yield reduction. 

Methods of manufacturing an original tinplate having good workability are disclosed in Japanese Patent 
Laid-Open Nos. 2-118026 and 2-118027. 

Japanese Patent Laid-Open No. 2-118026 discloses a method of manufacturing a can steel sheet using 

is the following process. A continuously-cast steel strip is used as a material. It has a composition essentially 
consisting of: C: 0.004wt% or lower, Al: 0.05 - 0,2wt%, N: 0.003wt% or lower, and Nb: 0.01 wt% or lower. 
The steel strip is subjected to hot rolling, and is then coiled at a temperature of from 640 to 700 'C. Acid 
pickling, cold rolling and continuous annealing are further performed, being then followed by work hardening 
by temper rolling. According to this process, the steel sheet can be finished so as to have a tempering rate 

20 of one of T-4, T-5, T-6. DR8, DR9 and DR10. 

Japanese Patent Laid-Open No. 2-118027 discloses a method of manufacturing a can steel sheet using 
the following process. A continuously-cast steel strip is used as a material. It has a composition essentially 
consisting of: C: 0.004wt% or lower, Al: 0.05 - 0.2wt%, N: 0.003wt% or lower, .and Nb: 0.01wt% or lower. 
The steel strip is subjected to hot rolling and then to cold rolling at a reduction ratio of from 85 to 90%, 

25 being then followed by continuous annealing. Subsequently, temper rolling is performed at a reduction ratio 
of from 15 to 45% so as to obtain a can steel sheet having a tempering rate T-4 or greater. 

The tempering rate of original tinplates is defined as follows according to JIS G3303. The degrees of 
tempering rate are differentiated as T-1 to T-6, DR8 to DR10 in order of flexibility. The targeted hardness of 
each degree of the tempering rate is indicated by Rockwell hardness (HR30T), the tempering rate T-1 being 

30 49±3, T-2 being 53±3. T-3 being 57±3, T-4 being 61 ±3, T-5 being 65±3, and T-6 being 70±3. Tinplates 
having the tempering rate of T-3 or below are called as soft-temper sheets, while those having the 
tempering rate of T-4 or over are called as hard-temper sheets. 

The steel sheets obtained by the foregoing methods in the above-described patent publications Nos. 2- 
118026 and 2-118027 achieve better deep drawing characteristics than before. However, as will be 

35 discussed below (since the sheet material contains a high content of Al) there may be a significant variation 
in the planar anisotropy Ar within the coil, in which case a considerable amount of the coil needs to be cut 
away in order to ensure uniformity of Ar within the coil. 

Further, the foregoing techniques known in the art are generally employed to target hard-temper steel 
sheets having a tempering rate of T-4 or greater. However, when such techniques are also employed to 

40 achieve soft-temper steel sheets having good workability by using the same composition for the hard steel 
sheets and by performing rolling at a small reduction ratio subsequent to annealing, the planar anisotropy 
Ar may sometimes show extreme increase. It is thus difficult to manufacture cold-rolled can steel sheets 
which are both soft- and hard-temper sheets, having good workability and also have a small amount of 
earing produced during deep drawing by using the same single composition. 

45 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a method of manufacturing steel sheets 
having various degrees of tempering rate by using the same composition, and also to provide a method of 
so manufacturing steel sheets with a high yield in which the amount of earing produced is low and in which 
good workability is achieved when such steel sheets are provided for use in two-piece cans. 

More specifically, an object of the present invention is to provide a method of manufacturing cold-rolled 
can steel sheets with various degrees of tempering rate even though the same composition is used by 
restricting the steel composition to a specific range and by making adjustments to the reduction ratio of the 
55 secondary rolling performed subsequent to the continuous annealing. 

In order to achieve the above objects, according to the present invention, there is provided a method of 
manufacturing a cold-rolled can steel sheet having small planar anisotropy and achieving good workability, 
comprising the steps of: rough-rolling a continuously-cast slab having a composition essentially consisting 
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of: C: 0.004wt% or lower; Mn: 0.05 - 0.5wt%; P: 0.02wt% or lower; Al: 0.005 - 0.07wt%; N: 0.004wt% or 
lower; and Nb: 0.001 - 0.01 8wt%. the rest being Fe and unavoidable impurities; hot-rolling a resultant sheet 
bar which is completed at a finishing rolling temperature at an Ar 3 transformation point or higher; coiling the 
resultant sheet bar at a temperature range from 450 - 700 "C; and performing primary cold rolling before 

5 continuous annealing, which is performed at a recrystallization temperature or higher, and secondary cold 
rolling, the primary and secondary cold rolling being respectively performed at reduction ratios satisfying 
the following conditions of: 88% £ CRi% + 0.36xCR 2 £ 105% (CRi : the reduction ratio of the primary cold 
rolling, CR2: the reduction ratio of the secondary cold rolling). 

Other features of the present invention, together with variations thereto, will become apparent from the 

10 following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram indicative of the influence of the primary and secondary reduction ratios of cold 
is rolling on the Ar value; and 

Fig. 2 is a diagram indicative of the Ar value of the coil in the longitudinal direction. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 A description will first be given of the composition and the reasons for restricting the material 
composition of the present invention. 

C: 0.004wt% (hereinafter simply referred to as %) or lower 

25 The C content of the steel is a very important factor for the present invention. It is necessary to lower 

the C content to the extent of 0.004% or below in order to manufacture the most softest cold-rolled can 
steel sheet having a tempering rate T-1 according to a continuous annealing process. A reduction in the C 
content ensures good deep drawing workability, and also achieves less anisotropy even though a steel 
sheet is subjected to cold rolling at an extremely large reduction ratio, which characteristics are considered 

30 to be very important for can steel sheets and will be described in detail below. A reduction in the C content 
further guarantees good workability and also prevents coarse carbides from being precipitated, thereby 
inhibiting an adverse influence of the carbides on rolling distortion. Because of the foregoing reasons, the C 
content is restricted to be 0.004% or below. 

35 Mn: 0.05 • 0.5% 

Mn is an effective element for eliminating hot brittleness caused by S. To benefit from such an 
advantage of Mn, it is necessary to add 0.05% or higher Mn. However, an excessive amount of Mn hardens 
the resultant steel sheet and also reduces workability. The upper limit of the Mn content should thus be 
40 0.5%. 

P: 0.02% or lower 

P hardens the steel sheet and also decreases corrosion resistance. It is thus not preferable that an 
45 excessive amount of P be added. Accordingly, the upper limit should be 0.02%. 

N: 0.004% or lower 

The presence of a large amount of N in the form of a solid solution hardens the steel sheet so as to 
50 reduce the r value. It is possible to precipitate N as AIN, with a balanced combination with the amount of Al 
and the hot-rolling conditions. However, in this case, too, a large amount of N lowers the workability of the 
steel sheet, and accordingly, it is necessary to minimize the amount of N. The upper limit should thus be 
0.004%. 

55 Al: 0.005 - 0.07% 

Al is an essential element for performing deoxidation during melting. In order to perform sufficient 
deoxidation in currently-available manufacturing equipment, at least 0.005% Al needs to be added. An 



5 



EP 0 659 889 A2 



excessive amount of Al decreases the r value of the steel sheet which has undergone annealing so as to 
lower workability. A large amount of Al in the steel is likely to increase a variation in the quality of the 
material within the coil, which variation may result from the precipitation of AIN during hot rolling. The upper 
limit of the Al content should be 0.07%, thereby preventing a large degree of adverse influence of Al. More 
5 preferably, the upper limit is 0.04% in order to more effectively suppress the adverse influence of Al. 

Nb: 0.001 - 0.018% 

Nb is an effective element for adjusting the crystal grain size of extremely-low carbon steel and also for 
w improving the r value of the steel. In order to achieve such effects, it is necessary to add 0.001% or higher 
Nb, and more preferably, 0.002% or higher. However, an excessive amount of Nb increases the influence of 
the hot-rolling conditions on the quality of the material, thus making it difficult to ensure the quality of the 
material, in particular, the uniformity of workability, over the entire inside of the product. The upper limit is 
thus restricted to be 0.018%. Further, the addition of Nb increases the temperature of completing the 
/5 recrystallisation during the continuous annealing, which makes annealing more difficult to perform. In terms 
of this reason, the Nb content is preferably 0.01% or lower. 

A description will now be given of the reasons for restricting the manufacturing method of the present 
invention. 

It is particularly important to perform hot rolling at a temperature of Af3 transformation point or higher. 

20 As described above, the present invention targets steel sheets having various degrees of the tempering rate 
in which good workability can be achieved and the amount of earing produced can be lowered by restricting 
the composition of the steel sheets and making adjustments to the reduction ratios of rolling performed 
before and after annealing. In order to achieve such advantages, it is important to consider the texture 
controlling of the hot-rolled sheet. More specifically, it is necessary to construct the hot-rolled steel sheet in 

25 the comparatively random texture which is obtained when the hot rolling is finished at a temperature of the 
Ar 3 transformation point or higher. However, an extremely high finishing temperature coarsens the grain 
size of the hot-rolled steel sheet, which may increase the danger of lowering the workability after performing 
cold rolling and annealing. Accordingly, the finishing temperature is preferably 930 " C or lower. 

An excessively low temperature at which coiling is performed subsequent to hot rolling is likely to incur 

30 incorrect configuration of the coil. The lower limit of the coiling temperature is thus restricted to 450 " C. On 
the other hand, a high coiling temperature as high as 700 *C or higher severely lowers the efficiency of acid 
pickling prior to cold rolling. The upper limit is thus restricted to 700 °C. In the present invention, extremely- 
low carbon steel is used as a material and a lower amount of N is added thereto. Further, adjustments are 
made to the contents of Nb and Al. As a result, the present' invention achieves good workability even at a 

35 comparatively low coiling temperature as low as 630 ' " or lower. The lower coiling temperature results in 
the finer grain size of the steel sheet which has underc 5 annealing. Accordingly, it is more advantageous 
to perform coiling at a low temperature as low as 570 9 >r below when aesthetic appearance is important. 

it is also important to maintain the uniformity of Ar of the hot-rolled steel sheet with a view to ensuring 
good workability over the entire length of the product coil, also to lowering the frequency of the occurrence 

40 of earing, and further to improving the yield of the resultant product. In order to achieve this uniformity, the 
sheet bars subjected to rough-rolling continuously undergo finish-rolling, thereby improving a decrease in 
the localized temperature at the leading and trailing ends of the coil. 

It is also effective to coil the sheet bars subjected to the rough-rolling in order to achieve the uniformity 
of Ar. 

45 The sheet bars which have undergone rough rolling are coiled, and then undergo finish-rolling while 
being uncoiled so that the leading and trailing ends of the sheet bars are subjected to finish rolling in the 
direction opposite to the direction of rough rolling. Hence, although a temperature gradient is produced from 
the leading end to the trailing end of the sheet bars during rough rolling, the sheet bars are reversely 
subjected to finish rolling from the trailing end at a lower temperature to the leading end at a higher 

so temperature, thereby ensuring^ the uniformity of the temperature over the entire length of the coil which has 
undergone finish rolling. 

In particular, a portion at the leading end of the sheet bar in which the localized temperature is lowered 
is reheated while being coiled, thereby improving a reduction in the localized temperature. The coiling of 
the sheet bar which has been subjected to rough rolling enhances the easy connection of such a sheet bar 
55 with the advancing sheet bar, thereby enabling rolling so as to make the leading and trailing ends of the 
sheet bars unnoticeabte, except for those of the initial and final sheet bars. 

Consequently, this eliminates a decrease in the localized temperature at the leading and trailing ends of 
the sheet bars during finish rolling, thereby maintaining the uniformity of Ar of the hot-rolled steel sheet. 
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The portions connected to each other before finish rolling are cut off during coiling by a different coiler, 
thereby realizing the continuous rolling. In the present invention, the C and N contents are particularly 
reduced, and the amounts of Al and Nb are adjusted, thereby inhibiting the precipitation of C. N and the 
other components during hot rolling. Moreover, although the sheet bars are coiled after rough rolling, the 
5 quality of the material of the sheet bars during coiling is highly unlikely to vary. It is thus very effective to 
add a step of connecting the sheet bars during coiling and uncoiling. 

According to the foregoing conditions and procedures, the hot-rolled steel sheet is then subjected to 
cold rolling subsequent to acid pickling. The cold rolling reduction ratio is very important, and original 
tinplates are generally subjected to cold rolling so as to be compatible with the thickness of the resultant 
w product, the reduction ratio being approximately from 80 to 90%. 

The present inventors closely studied the influence of the manufacturing conditions upon the workability 
of the product steel sheets and the frequency of the occurrence of earing. As a result, they verified that 
such characteristics of the steel sheets largely result from the reduction ratio (CRi%) of the primary cold 
rolling performed after hot rolling and the reduction ratio (CR2%) of the secondary cold rolling performed 
;s after annealing. The material having the composition described above is used and the cold rolling reduction 
ratios are adjusted to fall within suitable ranges, thereby ensuring good workability and having a decrease in 
the frequency of the occurrence of earing. 

Fig. 1 is a diagram indicative of the value Ar obtained by the following process. Steel having a 
composition essentially consisting of: C: 0.0013 - 0.0036%, N: 0.0014 - 0.0035%, Al: 0.01 - 0.04%, and Nb: 
20 0.001 - 0.008% is used. The steel which has been subjected to hot rolling at a finishing temperature of 880 
to 910 *C undergoes cold rolling at various reduction ratios, being then followed by^^j^irn jous a nnealing at 
a temperature of from 750 to 790 • C. As is known from the conventional art, Ar does not present any 
problem when the steel sheet is provided for use in typical deep-drawn cans as long as |Ar|^0.3, which can 
be achieved by satisfying the condition of: CRi% +0.36xCR2% equals a range from 88 to 105%. Moreover, 
25 if |Ar|£0.2, the resultant steel sheet is applicable to very demanding uses, and the expression: |Ar|S0.2 can 
be achieved by satisfying the condition of: CRt % + 0.36xCR 2 % equals a range from 91 to 102%. In 
addition, the average value r of the samples shown in Fig. 1 are all 1.4 or over, thereby ensuring good 
workability of the resultant sheets. 

Upon closer investigation concerning the average r value, it was understood that the average r value 
30 takes the maximum value when the primary reduction ratio CRi is in a range from 88 to 93%, which 
maximum value is not improved even though the secondary rolling is further performed. 

The 5% or lower secondary reduction ratio does not vary the average r value, but as the secondary 
reduction ratio increases in excess of 5%, the average r value is inclined to decrease. Consequently, the 
primary reduction ratio is adjusted in a range of CRi%=88 - 93%, and the secondary rolling is further 
35 performed so as to match the tempering rate and the foregoing suitable range of Ar, thereby producing a 
cold-rolled can steel sheet having less planar anisotropy and having very good workability. 

The steel sheet which has undergone cold rolling as described above is subjected to annealing, in 
which case continuous annealing is employed whereby the uniformity of Ar of the product can be ensured 
and good productivity can be accomplished. Since the annealing conditions produce very little influence on 
40 the quality of the material, the annealing temperature at a recrystallization temperature or higher is 
sufficient. 

The secondary roiling is performed in the present invention so that the steel sheet subjected to 
annealing can be provided with the targeted degree of tempering rate. As described above, Ar varies 
depending upon the reduction ratio of the secondary rolling. Adjustments are made to the relationship of the 
45 secondary reduction ratio to the primary reduction ratio so that it falls within the range described above. 
This decreases Ar in relation to the steel sheet having a desired tempering rate and also decreases the 
frequency of the occurrence of earing. 

The yield point elongation characteristic is present in the steel sheet which has been subjected only to 
annealing without performing a further process, thereby making the quality of the material unstable. It is 
so thus necessary to perform the secondary rolling at a reduction ratio of 1% or over. The reduction ratio in 
excess of 50% hardens the steel sheet, and makes it difficult to perform cold rolling. This further 
disadvantageously visualizes the disorder of the configuration of the steel sheet. Accordingly, the secondary 
rolling reduction ratio is preferably in the range of 1 ■ 50%. 

The secondary reduction ratio is preferably 10% or greater when it is desired that the resultant steel 
55 sheet be hardened, which is required with the gaugedown (downsizing) of the steel sheet. 
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Example 

A continuously-cast steel strip having a composition shown in Table 1 was subjected to hot rolling, 
being then followed by primary cold rolling, continuous annealing and secondary cold rolling (working 
5 conditions are shown in Table 1). Subsequently, the resultant steel sheet was worked into a tin coil 
according to electro- ttnplating. Measurements were taken for hardness and the r value at the central portion 
of the coil in the widthwise direction. The results are shown in Table 1. 
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Table 1 also shows the measurements of a variation in Ar of the coil in the longitudinal direction (a 
disparity of Ar in the longitudinal direction). Some steels underwent the continuous hot rolling performed by 
a process involving connecting the sheet bars while being coiled and uncoiled. Further, Fig. 2 indicates a 
variation in Ar of the coil in the longitudinal direction when the steel (steel No. 2 in Table 1) was subjected 
to continuous hot rolling performed by a process involving connecting sheet bars while being coiled and 
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uncoiled, in comparison with a variation in Ar of the steel (steel No. 3 in Table 1) which was subjected to 
ordinary rolling. 

As is seen from Table 1 , adjustments of the respective reduction ratios of primary and secondary cold 
rolling into correct values enable the manufacturing of the steel sheets with various degrees of the 

5 tempering rate which have a smalt degree of Ar and a large degree of the r value. In particular, as is seen 
from Table 1 and Fig. 2, it is validated that continuous hot rolling is performed whereby there is an 
improvement in the uniformity of the quality of the material of the coil in the longitudinal direction. 

The At content of Steel No. 12 of Comparative Example shown in Table 1 exceeds the upper limit of the 
range defined in the present invention, thereby increasing a disparity of Ar of the sheet in the longitudinal 

io direction. Steel No. 13 contains a large amount of C so that it has a small average r value and a large 
variation in Ar. Steel No. 14 underwent primary and secondary cold rolling at reduction ratios which went 
out of the ranges defined in the present invention, thus resulting in an increase in Ar. Steel No. 15 has a low 
FDT, as low as 800 a C. Accordingly, although the primary and secondary cold rolling reduction ratios fall 
within the suitable ranges, Ar is increased. 

;s Among the steel samples obtained by the present invention, typically-rolled materials Nos. 5 and 7 have 

a larger amount of Al content and also have a slightly greater degree of disparity in Ar along the 
longitudinal sheets as compared to steel Nos. 1, 3, 4, 9, 10 and 11. Moreover, among the continuously- 
rolled steel Nos. 2, 6 and 8, steel No. 8 has a larger content of Al and has a greater degree of disparity Ar 
compared to steel Nos. 2 and 6. 

20 Although an explanation has been given of the application of the invention to tin steel plates, the 
invention may also be applicable to tin free steel sheets, composite ptating steel sheets, steel sheets 
subjected to painting and printing before working, organic resin film laminated steel sheets, and the like. 
Additionally, the can manufacturing method of the present invention also exerts its effects on various types 
of two-piece cans, such as DTR cans, DRD cans, and the like. 

25 As will be clearly understood from the foregoing description, the present invention offers the following 

advantages. 

A cold-rolled can steel sheet provided with a desired tempering rate can be manufactured with a high 
yield in which good workability can be achieved and the amount of earing can be contained when the steel 
sheet is worked into a two-piece can, thereby improving the productivity. 

30 

Claims 

1. A method of manufacturing a cold-rolled can steel sheet having less planar anisotropy and achieving 
good workability, comprising the steps of: 

35 rough-rolling a continuously-cast slab having a composition essentially consisting of: C: 0.004wt% 

or lower; Mn: 0.05 - 0.5wt%; P: 0.02wt% or lower; Al: 0.005.- 0.07wt%; N: 0.004wt% or lower; and Nb: 
0.001 - 0.018wt%, the rest being Fe and unavoidable impurities; 

hot-rolling a resultant sheet bar which is completed at a finishing rolling temperature at an Ar 3 
transformation point or higher; 
40 coiling the resultant sheet bar at a temperature range from 450 - 700 * C; and 

performing primary cold rolling before continuous annealing, which is oerformed Lat a recrvs tal- 
lization te mperature or h igher, and secondary cold rolling, said primary and secondary cold rolling 
steps being respectively performed at reduction ratios satisfying the conditions of: 

45 88% £ CRi%+0.36xCR 2 £ 105% 

wherein 

CRi : reduction ratio of said primary cold rolling 
CR2: reduction ratio of said secondary cold rolling 

50 

2. A method of manufacturing a cold-rolled can steel sheet having less planar anisotropy and achieving 
good workability, comprising the steps of: 

rough-rolling a continuously-cast slab having a composition essentially consisting of: C: 0.004wt% 
or lower; Mn: 0.05 - 0.5wt%; P: 0.02wt% or lower; Al: 0.005 - 0.07wt%; N: 0.004wt% or lower; and Nb: 
55 0.001 - 0.01 8wt%, the rest being Fe and unavoidable impurities; 

repeatedly connecting each of a trailing end of a sheet bar obtained by the rough rolling and a 
leading end of a subsequent sheet bar; 

hot-rolling a resultant sheet bar which is completed at a finishing rolling temperature at an Arj 
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transformation point or higher; 

coiling the resultant sheet bar at a temperature range from 450 - 700 ° C; and 
performing primary cold rolling before continuous annealing, which is performed at a recrystal- 
lization temperature or higher, and secondary cold rolling, said primary and secondary cold rolling 
steps being respectively performed at reduction ratios satisfying the conditions of: 

88% £ CRi% +0.36xCR 2 3 105% 

wherein 

CRi : reduction ratio of said primary cold rolling 
CR2: reduction ratio of said secondary cold rolling 

A method of manufacturing a cold-rolled can steel sheet according to one of claims 1 and 2, wherein 
the coiling is performed at a temperature of from 450 to 570 °C. 

A method of manufacturing a cold-rolled can steel sheet according to one of claims 1 and 2, wherein 
planar anisotropy (Ar) satisfies the condition of: |Ar|£0.3 and the Lankford value (r) is 1.4 or over. 
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FIG. I 
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FIG. 2 
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